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(54) Optical fiber cable and core with a reinforced buffer tube having visible strength members and methods 
of manufacture thereof 



(57) An optical fiber cable core includes a 

buffer tube containing at least one optical fiber and 
reinforced by at least two substantially radially 
incompressible longitudinal strength members, each 
strength member having surface portions radially 
outermost with respect to the tube axis which are at or 
protrude from the exterior surface of the buffer tube. 
If the strength members protrude from the exterior 
surface of the buffer tube, less than 50%, and 
preferably less than 20%, of the outer surface of the 
strength members protrudes from the exterior surface of 
the buffer tube. The positions of the strength members 
can be readily determined, can be visible and can be 
easily removed from the buffer tube prior to slitting 
the buffer tube to achieve midspan access. The core can 
include a buffer tube having an inner tubular portion, 
an outer tubular portion including the strength members, 
and a release agent between the tubular portions to 
enable easy separation of the tubular portions so that 



conventional slitting tools can be used to gain midspan 
access. Also, an optical fiber cable including the core 
and methods of manufacturing a reinforced buffer tube 
are disclosed. 
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Description 

Field of the Invention 

^ [0001] This invention relates to optical fiber cables and, more particularly, to optical fiber cables comprising 
a central buffer tube containing one or more optical fibers, reinforced by longitudinal strength members to protect 
the optical fibers from forces, such as installation and thermally induced expansion and contraction of the buffer tubes. 

Background of the Invention 

10 

[0002] Optical fibers are relatively fragile and must be protected during the manufacture, handling and 
installation of cables including such fibers. A variety of protective measures are therefore provided In cables 
containing optical fibers. For example, to allow the cable to move or be flexed a certain degree by external forces 
or by thermal expansion and contraction without stressing or microbending the optical fibers, the optical fiber or 

15 fibers are typically enclosed in a plastic buffer tube having a bore of a cross-sectional area larger than the cross- 
sectional area of the fiber or fibers within it. This Is referred to as a "loose" configuration. The material of the 
tube typically has a relatively high temperature coefficient of expansion and a relatively low tensile strength. 
Frequently, the length of the optical fibers is greater than the length of the tube, referred to as excess fiber 
length. An optical fiber cable may include one or several buffer tubes, each containing one or a plurality of 

20 optical fibers. The plurality of optical fibers may be In the form of individual fibers, an optical fiber ribbon or 
a stack of optical fiber ribbons, for example. 

[0003] To further resist thermal expansion and contraction, as well as longitudinal loatte v^ich may be applied 
during manufacture, handling and installation of the optical fiber cable, strength members of metal v^res or high 
strength non-metallic rods or fibers, such as glass rods or fibers may be embedded in the material of the buffer 

25 tube. See, for example, U.K. Patent Application GB 2,215,081, which provides two diametrically opposed wires or high 
tensile plastic filaments entirely within the walls of the buffer tubes. U.S. Patent No. 4,898,451 also shows a 
plurality of flexible fibers of aramid, steel or glass, completely encircled by the plastic of the buffer tubes 
contained vWthin an optical fiber cable. 

[0004] Strength members have also been provided in grooves in the outer surface of the buffer tubes. See, for 

30 example. U.S. Patent Nos. 4.804,245 and 4,610,505. In both patents, the strength members are held in the grooves by 
an outer wrapping. In the '245 patent, the shape of the grooves and the physical properties of the strength members 
are such that there is little resistance to compression forces. Also, the optical fibers are not encirded by, or 
centrally disposed with respect to the buffer tube. The '505 patent relies on the wrapping to provide coupling 
between the strength members and the tube and the optical fiber Is not loosely contained in a buffer tube. The 

35 requirement of such a wrapping complicates the structure of the cable and could increase its diameter. 

10005) In an alternative configuration disclosed in U.S. Patent No. 5,509,097 ('Ihe '097 patenf), assigned to 
the assignee of the present invention and incorporated by reference herein, an optical fiber cable Is disclosed 
including a buffer tube loosely enclosing optical fibers. Two diametrically opposed, longitudinally extending 
strength members are tightly coupled to the buffer tube by an adhesive or a cord to resist tensile and compression 

^ forces applied to the buffer tube and prevent buckling of the strength members. The core of the cable can also 
include a layer of extruded plastic which presses the strength members toward the tube to increase the coupling 
between the strength members and the buffer tube and which opposes buckling and kinking of the strength members, 
[0006] When the strength members are at the outside of the buffer tube as shown in the *097 patent, the 
structure is not circular in cross-section. If the structure shown in the *097 patent is to be covered by other 

^5 layers, the outer surface may have 'lumps" at the location of the strength member, and it may be desirable to have 
an outer surface corresponding substantially to the outer surface of the cylinder. Furthermore, if the strength 
members are entirely outside the outer surface of the buffer tube, special apparatus Is required In applying a 
plastic layer over the combination of the buffer tube and the strength members, and the diameter if the jacket may 
be increased. If the diameter of the layer is increased, the diameter of the cable is increased which is 

^ undesirable. If the layer Is omitted, It oecomes difficult to apply the armoring, etc., because the strength members, 
being at the outer surface of the buffer tube, constitute protrusions and deviations from a cylindrical surface to 
which the armoring, etc.. must conform. It can be desirable, in some cases, to omit the layer and to minimize the 
extent to which the strength members extend outwardly from the buffer tube without losing the benefits of the 
structure shown in the '097 patent and particularly, the tight coupling of the strength members to the buffer tut)e. 

^ [0007] If the strength members are completely encircled by a substantial amount of the buffer tube material, it 
is difficult to main the strength members in the correct positions within the buffer tube, and It can be necessary 
to increase the thickness of the buffer tube wall because of the presence of the strength members therein which 
increases the amount of buffer tube material required and increases the diameter of the buffer tube and hence, the 
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diameter of an armored cable incorporating such structure. Completely embedded strength members can also interfere 
wrth gaining midspan access to the optical fibers during splicing because the location of the strength member is not 
visible. Further, attempting to remove these strength members necessarily damages the structural integrity of the 
tube, increasing the risk of damage (I.e. kinking, crushing) to the optical fibers as the midspan operation 

5 continues. Examples of cables with completely embedded strength members have been described hereinbefore 

[0008] It IS known to include water blocking compound within the buffer tubes for moisture protection. The water 
blocking compound, which permits the optical fibers to move within the buffer tube, may be a gel or grease-like and 
non-hygroscopic and/or thixotropic. Any spaces between the buffer tube and the outer jacket can also be filled' with 
a water blocking compound. Further moisture protection is provided by water blocking yarn and/or water blocking tape 

10 disposed between the buffer tube and the outer jacket Such yam or tape may be provided within the buffer tube 
instead of the water blocking compound. See, for example, U.S. Patent No. 5,071,221. 

[0009] Additional layers of materials, such as armoring for crushing and rodent protection, can also be provided 
between the buffer tube and outer jacket. Longitudinal ripcords are typically provided to assist in opening the 
optical fiber cable jacket and armor, if provided. 

15 [0010] In a telecommunications network, certain optical fibers within an optical fiber cable may be spliced to 
other optical fibers, such as optical fibers leading to particular terminal locations. The optical fibers may also 
need to be accessed to check for faults. To achieve midspan access to the particular optical fibers to be spficed or 
checked at a particular location along the cable, the jacket and the buffer tube containing the optical fibers and 
any intervening layers must be opened. Typically, the optical fiber cable is opened by accessing and pulling the 

20 npcord to open the jacket and armor if present, and cutting through or removing other layers of material such as 
water blocking tape, to expose the buffer tube of interest 

[00111 When strength members are embedded in the cable jacket, they are not ti'ghtiy coupled to the buffer tube 
and the strength members in the region of the jacket to be opened must be removed before the jacket and armor can be 
opened. A short section of the jacket material directly over those strength members is first removed by shaving with 

25 a sheath knife. The strength members are then pried away from the jacket to expose the underlying layers Since the 
length of the cable section to be opened, which usually Is 8-10 feet in length, it is necessary that a corresponding 
length of the strength members also be removed from this section. Such removal of the strength members is a 
difficult and labor intensive operation. After the buffer tube is exposed, the buffer tube may be slit in a knovm 
fashion to access the optical fibers contained therein. The optical fiber cables can be secured within a splice 

20 enclosure during the midspan access and splicing procedure, as Is known in the art. The spfice enclosure is used to 
seal the cable when the process is completed. Accordingly, while strength members in the jacket can be used, it is 
desirable that the strength members be directiy coupled to the buffer tube. 

[0012] An optical fiber cable with strength members tightty coupled to the buffer tube which resist thennai 
expansion and contraction of the buffer tube, as well as tensile forces, wherein the strength members are readlfy 
35 apparent and do not interfere v^h gaining midspan access and which has reduced manufacturing problems without 
increasing the cable diameter, would be advantageous. 

Summary of the Invention 

^ [0013] In accordance svith one embodiment of the present invention, an optical fiber cable core comprises a 
buffer tube of a plastic material loosely containing and completely encircling at least one optical fiber. The 
buffer tube has a longitudinal axis, a nominal outer periphery, and has at least two strength members tightiy 
coupled to the buffer tube and with surface portions thereof proximate the nominal outer periphery of the buffer 
tube. If the strength members have surface portions outwardly of the nominal periphery of the buffer tube, lip 
^ portions of buffer tube material extend towards each other and engage the strength members. The strength members 
extend longitudinally of the core and substantially parallel to the longitudinal axis of the buffer tube. Thus, each 
strength member is partially embedded in the buffer tube such that the Bp portions extend over and engage a Jjortion 
of the outer surface of the strength members, including the lip portions, applies radially inward forces to the 
strength members, thereby tightly coupling the strength members to the buffer tube material, to provide resistance 
to contraction and expansion forces, as described in the '097 patent The radially outermost surface portion of each 
strength member, i.e. in the radial direction with respect to the longitudinal axis of the buffer tube, may be 
substantially tangent to or protrude beyond the outer surface of the buffer tube such that less than half of the 
outer surface of each of the strength members protrudes beyond the nominal outer periphery of the buffer tube. If 
portions of the outer surface of the strength members protrude outwardly of the nominal periphery of the buffer tube, 
longitudinal portions of one or both of the strength members can be easily pulled away from the buffer tube by 
pushing the buffer tube material adjacent to the strength members, e.g. the lips, away from the strength members by 
one's fingers without the use of tools. Removal of one or both of the strength members enables midspan access to the 
optical fiber or fibers within the buffer tube without cutting the strength members or damaging the structural 
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integrity of the tube. Also, since the strength members are visible, they can be avoided during slitting of the buffer 
tube by positioning the blade of the slitting tool between the strength members. Therefore, removal of the strength 
members may not be required. Of course, if it is desired to cut the strength members during splicing of the optical 
fibers, that can be easily done, as well. 
5 [0014] In order to provide the desired coupling between the strength members and the buffer tube, the material 
of the buffer tube must apply pressure to the strength members in the direction radially of the axis of the strength 
member. Thus, the resistance to slipping between the strength member and the buffer tube depends on the force 
directed by the material of the buffer tube radially toward the axis of the strength member, the coefficient of 
friction of the materials of the strength members and the buffer tube and the extent of the surface of the strength 
10 member to which the forces are applied. 

[0015] Preferably, in order to provide the desired coupling, more than 50% of the surface of the strength 
members is contacted by material of the buffer tube, but exept possibly for thin film of the buffer tube material 
which does not prevent identification of the location of the strength members, which applies insignificant forces to 
the strength members and which overiies the radially outermost, with respect to the buffer tube axis, surface 
^5 portions of the strength members, the strength members are not entirely surrounded by buffer tube material. 

[0016] Preferably, less than about 20% and more preferably, less than about 10%, of the outer surface of each of 
the strength members protrudes beyond the nominal outer periphery of the buffer tube. However, due to manufacturing 
tolerances, a thin film of buffer tube material, which can easily be removed and which does not obscure the strength 
members, may cover the outermost surface portions of the strength members. The film has a thickness v\^lch Is small 
20 compared to the wall thickness of the buffer tube wall. With or without the film, the strength members can be 
readOy located and the desired coupling between the strength members and the buffer tube is obtained. 
[OOl'n By so coupOng the strength members to the buffer tube, the resistance of the strength members to 
compression forces is improved because the buffer tube resists bending and kinking of the strength members described 
in the '097 patent. Thus, although the methods described in the '097 patent, e.g. adhesive or a cord, can also be 
used v/ith the embodiments of the invention to resist bending and kinking and thereby increase the compression 
resistance of strength members of a small diameter, the coupling of the strength members to the buffer tube provided 
by the invention can be sufficient, by itself, to provide the desired resistance to bending and kinking especially 
if the strength-member-buffer tube structure is encircled by an extruded layer of plastic material contacting the 
buffer tube and the strength members. 

[0018] Preferably, two diametrically opposed strength members are provided. The strength members can comprise 
metallic or non-metallic materials which are sufficiently incompressible in the direction radially of the axis of 
the strength member to permit the desired coupling of the strength members to the buffer tube. For example, the 
strength members can be metal or glass rods, but cannot be compressible fibers, e.g. fibers v/hich are merely twisted 
or stranded together. To increase the coupling between the strength members and the buffer tube, the strength 
members can be coated with a material which bonds to the strength members and which will bond to the buffer tube 
during extrusion of the buffer tube material, e.g. an adhesive or mataerial of the buffer tube. 

[0019] Preferably, the buffer tube contains a plurality of optical fibers in the form of a plurality of optical 
fiber ribbons forming an optical fiber stack, which is completely enclosed by a wall of the buffer tube. Preferably, 
water blocking material is provided v^hin the buffer tube. 

[0020] If it Is necessary to accommodate the strength members, e.g. if the diameter of the strength members is 
such that the buffer tube wall is weakened, the buffer tube of the present invention may have thicker v»«ilte and have 
a larger diameter than conventional buffer tubes. This could prevent the use of conventional slitting tools to gain 
midspan access, such conventional tools being designed to slit buffer tubes having a relatively small wall 
thickness. In such case, the buffer tube can be made with two layers, an inner tubular portion and an outer tubular 
portion, each with a radial dimension which can be slit by a conventional tool. With tv/o such layers, preferably, 
the inner tubular portion is coated, prior to extrusion of the outer tubular portion over the coated inner portion, 
v^h a material which permits the inner and outer portions to be pulled apart easily In a direction perpendicular to 
their adjacent surfaces, but which does not significantly reduce the resistance of the two portions to slippage 
relative to each other in the direction longitudinally of the tubes. Portions of the outer tubular porfon can then be easily 
removed from the inner tubular portion, which may be of a conventional thickness and diameter, enafc)fing the use of 
conventional slitting tools to gain access to the optical fibers through the inner tubular portion. 
[0021] In accordance with another embodiment of the present invention, an optical fiber cable comprises the 
optical fiber core described hereinbefore, and at least an outer jacket encircling the buffer tube and strength 
members. Preferably, a water blocking tape or water absorbing yarn is provided between the jacket and buffer tube. 
Preferably, armor shielding is provided between the jacket and the water blocking tape, if present If no water 
blocking tape is provided, the armor engages both the jacket and the buffer tube. 

[0022] Preferably, the space within the buffer tube not occupied by the optical fibers or optical ribbon, are 
filled with a water blocking material, such as a gel, which is substantially incompressible and which resists 
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radially inward forces applied to the buffer tube and her^ce, the strength members. In this embodiment, radially 
inward forces applied by the jacket, or by a cord as described in the '097 patent, increases the coupling between 
the strength members and the buffer tube. 

[0023] In accordance with a preferred embodiment of the invention, a reinforced buffer tube, which can be used 
5 in an optical fiber cable, is manufactured by hot extruding a buffer tube with longitudinal strength members 
proximate, tangent to or protruding from the nominal outer periphery of the tube and cooling the extruded tube, 
causing contraction of the buffer lube materia!. The buffer tube, which usually is made of plastic, is formed with a 
material having a coefficient of contraction greater than the coefficient of contraction of the strength members. 
The buffer tube v/all and the wall of the strength members are selected w^th respect to coefficients of contraction 
10 so that when the buffer tube is cooled after the heated buffer tube wall is applied, the buffer tube material 
contracts and grips the strength members, applying sufficient radially directed forces to the strength members to 
prevent longitudinal slippage of the strength members with respect to the buffer tube under normal field conditions. 
Lip portions of buffer tube material extending towards each other and engaging the strength members, can be formed 
proximate radially outermost surface portions of each of said strength members, to further couple the strength 
75 members to the buffer tube material as the buffer tube material contracts during cooling. When so manufactured, less 
than half of the outer surface of the strength members protrude beyond the nominal outer periphery of the buffer 
tube. Radially outermost surface portions of the strength members are substantially tangent to or protrude outwardly 
from the buffer tube. 

[0024] The manufacture of the reinforced buffer tube can include first extruding an inner tubular portion and 
20 then applying the strength members while extruding, with heating, an outer tubular portion over the Inner tubular 
portion. The thickness of the outer tubular portion is selected so that the strength members are positioned vwthin 
the outer tubular portion with portions of the outer surface of the strength members closely adjacent to an outer 
surface of the outer tubular portion. As the outer tubular portion cools rt contracts, thereby positioning the 
strength members substantially tangent to or protruding beyond the nominal outer periphery of the buffer tube, as 
25 described above, and becoming tightly coupled to the outer and inner tubular portions. As described hereinbefore, 
prior to extrusion of the outer tubular portion, the inner tubular portion may be coated with a material which 
enables easy removal of tiie outer tubular portion from the Inner tubular portion and yet resists longitudinal 
slipping between the inner and outer tubes so that conventional sfitting tools can be used to gain midspan access to 
the optical fibers through the inner tubular portion. 

30 

Description of the Drawings 

[0025] Other features of the present invention will be more readily understood from the follov^ng detailed 
description of specific embodiments thereof when read in conjunction with the accompanying drawings, in which: 

Fig. 1 ts an enlarged cross-sectional view of an optical fiber cable in accordance with the present invention, 
wherein portions of the strength members protrude externally of the buffer tube; 

Fig. 1A is an enlarged cross-sectional view of the buffer tube in Rg. 1, with the strength members removed for 

illustrative purposes; 

Fig. 2 is an enlarged cross-sectional view of a second embodiment of optical fiber cable core in accordance with 
the present invention, Including a film of buffer tube material over the strength memt>ers; 

Fig. 3 is an enlarged cross-sectional view of a further embodiment of a buffer tut>e with optical fiber ribbons 
therein for use in an optical fsber cable in accordance with the present invention, including strength members 
which have outermost surface portions tangent to the periphery of the buffer tube; 

Fig. 4 Is an enlarged cross-sectional view of a further embodiment of the invention, wherein the buffer tube has 
an inner tubular portion, an outer tubular portion and a layer of material therebetween, enabling easy separation 
^ of the outer tubular portion from the inner tubular portion; and 

Fig, 5 is an enlarged cross-sectional view of a buffer tube of the core of Fig. 1, after hot extrusion of the 
buffer tube material and prior to cooling, showing the outermost portions of two strength members essentially 
tangent to the outer surface of the tube. 
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[0026] Fig. 1 is a cross-sectional view of an optical fiber cable 10 in accordance with one embodiment of the 
present invention, comprising a plastic buffer tube 12 containing at least one optical fiber 14a. The buffer tube 12 
can contain a single optical fiber, a plurality of stranded or non-stranded optical fibers, one or more optical 

5 fiber ribbons, or an optical fiber bundle. 

[0027] Preferably, as shown in Fig. 1, a plurality of optical fiber ribbons 14b in the form of a stack 14 are 
contained within the inner surface of the tubular wall of the buffer tube 12 which defines the bore of the buffer 
tube 12 and which completely encircles the stack 14 with the optical fiber ribbons 14b extending in the direction of 
the longitudinal axis of, the buffer tube 12. The plurality of ribbons can be merely superimposed and free to move 

10 with respect to each other or can be secured to each other in any conventional manner, such as by an adhesive or 
cord binder Each ribbon comprises a plurality of optical fibers 14a In side-by-side, laterally spaced relation and 
encased, or embedded, in a plastic material. Such ribbons are well-known in the art. The ribbons may be twisted 
around the axis of the stack 14. The ribbons may also be tv\ftsted around the longitudinal axis of the buffer tube 12, 
either helically or in oscillating lay. Each of the optical fibers 14a typically comprises a central glass portion, 

1Q such as silica glass, surrounded by a cladding for optical purposes And one or more coatings, such as plastic 
coatings, for physical protection. 

[0028] Preferably, tiie bore of the buffer tube 12 and an outer peripheral surface of the tube 12 are of a 
generally circular shape in cross-section but the bore of the buffer tube 12 may have other shapes, such as 
rectangular. Except where it is interrupted by a strength member 22, as discussed hereinbelow, the outer surface of 
2Q the buffer tube 12 conforms to the outer surface of a cylinder. However, if it Is not necessary to have such an 
outer surface, the other advantages of the invention can be obtained If the outer surface of the buffer tube 12 has 
a cross-sectional shape other than circular, e.g. the shape of an oval. 

[0029] The buffer tube 12 has a bore or inner diameter selected so that the cross-sectional area of the bore Is 

greater than the cross-sectional area of the stack 14, or other arrangement of optical fiber or fibers therein, so 
25 that the optical fiber 14a, fibers or ribbons are loosely contained in the buffer tube 12. The ribbons 14b 
containing the optical fibers 14a in the stack 14 are thereby free to move longitudinally and transversely with respect to 
the buffer tube 12. Preferably, there is also excess ribbon, and hence, fiber length, such that the length of the 
stack 14 or other such collection of optical fibers 14a Is greater than the longitudinal rectilinear length of the 
axis of the buffer tube 12. Preferably, the ratio of the cross-sectional area of the stack 5 14 to the cross- 
sectional area of the inner bore is about 0.5 and the length of the stack 14 is equal to or exceeds the length of 
the buffer tube 12 by up to about 0.15% to 0.35% ± 0.05%. Any expansion and contraction of the buffer tube 12 which 
may not be prevented by the strength members 22 hereinafter described does not, therefore, apply significant forces 
to the ribbons 14b. However, if the strength members 22 provide sufficient protection with respect to expansion and 
contraction of the buffer tube, the optical fibers 14a can have the same length as the length of the buffer tube 12 
or even can be shorter than the length of the buffer tube 12. 

[0030] The buffer tube 12 preferably comprises a plastic material, such as high density polyethylene fHOPE"), 
polybutene terephthalate, polypropylene, polyvinylchloride ("PVC") or poly-methylpentene. HOPE is prefen'ed. The 
plastic material for the buffer tube preferably has a Young's Modulus in the range of from about 20,000 to about 500. 
000 psi. The buffer tube 12 can also be a metallic or composite material, such as an epoxy mixed with glass fibers. 
[0031] An outer jacket 18 encircles the buffer tube 12. The outer jacket 18 Is also preferably a plastic 
material. Medium density polyethylene ("MDPE") can be used, for example. As with the buffer tube 12, metallic or 
composite materials may also be used. 

[0032] Preferably, one or more layers of an armor shield 34 are provided adjacent to the inner surface of the 
outer jacket 18 to provide protection against crushing or rodents, for example. The armor may be transversely 
corrugated or uncorrugated. A corrugated armor shield is described in said U.S. Patent No. 5,509,097. Armor shields 
34 typically have a thickness of about 0.006 inches. The armor shield 34 and the outer jacket 18, by exerting radially 
inward forces, can also serve to increase the resistance of the strength members 22 to buckling or kinking, but 
since the armor shields 34 are typically relatively thin, they do not provide significant resistance to longitudinal 
compression caused by contraction of the buffer tube 1 2. This is particularty ti-ue of corrugated armor shields. 
[0033] A satisfactory steel tape for the shield 34 can be obtained from the Dow Chemical Company, Midland, Mich., 
^ under the trademark ZETABON. The tape Is a carbon steel tape coated on both sides vyflth an adherent ethylene 
copolymer. The tape tfiickness is about 0.006 inches and the thickness of the coatings Is about 0.0023 inches. The 
yield strength is stated to be about 530 sq. in/lb,, and it Is supplied in widths from !4 Inch to 12 inches. 
[0034] In accordance with the present invention, the buffer tube 12 is reinforced by at least two longitudinally 
extending strength members 22, each of vi^ich is at least partially embedded in the buffer tube 12 and extends 
substantially parallel to the longitudinal axis of the buffer tube 12. Each strength member has a radially outermost 
surface portion, defined v^h respect to the longitudinal axis of the buffer tube 12, which is substantially tangent 
to or protrudes outwardly beyond what would be the uninterrupted outer surface 13 of the buffer tube 12. In the 
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rToL Th'^f '"^ """^ '^'^ ^^^k 14 with the strength members 22 

sulce oorJ^n'i'J: r ^""'V^^ ^« wall. Buffer tube material pro,on.ate the rSaroutermo^ 

K H !, r^"^ "^^"^'^ '° '°"9«"<^i"3l of the buffer tube 12 

portorw 12b which extend towards each other, over the grooves 12a Prior to removal of the strenoth m Jtl^ 1 

buffer tube material, including the lip portions 12b, encircles more than 50% Jthe oS J Zria^ of ^ ^iJ^ 

?2ln F«, !' tL SrTn? ^ 22 substantially tangent to the nominal outer surface of the buffer S 

I'J^Z^' ' ^ "P P'"*^"* ^2b extend completeV or almost completely over each strength member 22 wSer thJ 

m«?^!^ K ^1 ^ ."""^'P^" ^""^ *° "P^'^^' ^^'^ *e buffer tube 12 The buffer tubrfS 

aTmrdXTt^VsC^rr "^"^^^^'^ ^-^^ - « ^ i 

mJmlLrc " "'^'""^'^ "'^ '"^'"'^'^ "^"^ ^ substantially circular cross-section the strength 

Len^lTfh ^f ^-^^f °' """^ ^''"P*"' ^ embodiment of Fig. 1. the lip porions 12b .SS 

^*'?S»' "^embers 22 . and engage a portion of the strength members. 

S whL ZnVi'h?'f ^.'"J^^ ^'^"^ the strength members 22 can also be easily 

avoid^ while sirtting the buffer tube 12 by positioning the slitting tool such that its blade is between *e 
strength members 22. Removal of one or both of the strength members 22 may not. therefore be necessaiv ^^151 

luenormembf '^?.n''': ^ ""'"^ '"^'"'^'^ ^ ^« "^'^ ^2 wiLut reZngTe 

SncT^e " r V "^^""^ '° °' "^^^ of «t^«"9* "^embers 22 during 

sp«cmg. Since strength members 22 are visible and readily removed, this procedure is expedHed as well 
the desired opbcal fiber splice has been made and the buffer tube 12 is sealed the iSSSs of thrtLnJ^ 
members 22 a, the s^ice can be pressed back into the grooves in buffer tl'2 anSthe str'^nTmem S h^S 
not been cut. the functions of the strength members 22 will be restored memoers nave 

S K ,«,°*''!k'^'? manufacturing process and tolerances, a thin film 20 of buffer tube material may 

nJ2 . T'" T ""^b and cover those portions of the strength members 22 protruding beyond th^ 

nominal outer surface of the buffer tube 22. as shown in the core 21 of Fig. 2. The thin m has a thickneS whbS 

th? s ren^ m^^K Jt^ K """" '"'^ " ""'"'""^ °' ^"^o"* 2.4 mm. The film 20 can be scraped off of 

the strength members 22 by one's fingernaite or a knffe-edge. Longttudinal sections of the strength membere 22 can 
In th '"""T '■2. as described above. If the radially outermost surfVce pJrtOTO^Se 

oSl'^ir ? ^ ^"''^^ °' ♦"^ 12. there may also b^a imilar fil,^ 

of buffer tube matenal covenng those portions, which can be similarly removed 

fr!!*^ h.. J" °'''![ !° u^''""'*! •'^^ ^"P^"^'°" contraction forces of the buffer tube 12 

and to buckling and kinking of the strength members 22. which because of their small size would buckle or kink with 
compression forces applied thereto by contraction of the buffer tube 12. it is necessary that the v^lls of ^ 
sTn'^ t ~ ^'^^"^^ "^^"^^^^^ 22 tightly engage the outer surf^ S ll 

SThsTnl L't 'o^ "^r!'""* "P°" ^""^^'^ "'the strength members 

22, or the strength members 22 must have a relatively strong bond with the walls of the grooves. The latter bond may 
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not be sufficient with some materials used for the strength members 22 and the buffer tube 12. In such case, an 
adhesive can be applied between the outer surfaces of the strength members 22 and the walls of the grooves. The 
strength members 22 can also be coated with a material which bonds tightly to the strength members 22 and which, 
during extrusion of the buffer tube 12, bonds tightly to the walls of the grooves. A cord may be wrapped around the 
5 buffer tube and protruding portions of the strength members, as well. 

[0041] As is known, the resistance (R) to slipping or sliding between two contacting bodies at rest is defined 
by the formula R=fP, where f is the coefficient of friction and P is the force perpendicular to the contacting 
surfaces pressing the bodies together. Therefore, in order to provide the desired resistance by the strength members 
22 to expansion and contraction of the buffer tube 12 when an adhesive or bonding material Is not used between the 
10 strength members 22 and the walls of the grooves and when other pressure applying means, such as cords or tapes 
under tension wound around the buffer tube 12 containing the strength members 22 or layers, such as a jacket, which 
apply pressure toward the axis of the buffer tube, are not used, strength members 22 and the buffer tube 12 must be 
selected so as to provide the necessary resistance to slipping of the strength members 22 respect to the buffer 
tube 12. Thus, if the desired resistance to slipping and the coefficient of friction is known, the pressure which 
the walls of the grooves in the buffer tube 12 need to apply in the direction of the axis of a strength member 20 
can be calculated. 

[0042] However, the compressibility of the strength members must also be taken into account because If the 
strength members 22 are soft and easily compressible, the force P cannot be readily obtained, particularly if 
contraction of the buffer tube wall, which is relatively small, is relied upon to provide the force P. Accordingly, 
the strength members 22 as a whole must be made of materials which are relatively incompressible, i.e., have a 
Young's compression modulus of at least about 45-50 GPA, as well as a relatively high tensile strength for resisting 
expansion and handling forces. 

[00431 For example, the strength members 22 may be single steel wires or rods, single E-glass rods, glass, 

aramid or metal wires or fibers embedded in a relatively incompressible resin, such as epoxy resin or steel vinres or 
glass fibers bundled or stranded together and compressed before assembly with the buffer tube 12 so as to be 
substantially incompressible after assembly with the buffer tube 12. 

[0044] Preferably, metallic vwres, such as stainless steel or carbon steel wires, are used. If carbon steel 
wires are used, they are preferably coated with copper or zinc to prevent corrosion. A high tensile strength, e.g.. 
in the range from about 180,000 psi to about 221,000 psi, is preferred. The diameter of the metaHic wires can be in 
the range of from about 1 .00 mm to about 3.00 mm. 

[0045] [Metallic wires are preferred because they can have the same tensile strength as non-metaffic rods, v^nth a 
smaller diameter, reducing the overall diameter of the cable 10. 

[0046] Whichever type of material is used, the coefficient of thermal expansion and contraction of the strength 
members 22 is less than that of the buffer tube 12. Preferably, the thermal expansion and contraction coefficient of 
the strength members 22 is several times smaller than the thermal expansion and contraction coefficient of the 
buffer tube 12. Also, the tensile modulus of the strength members 22 is substantially greater than the tensile 
modulus of the buffer tube 12. 

[0047] As more of the radially outer surface portion of the strength members 22 protrudes beyond the nominal 
periphery of the buffer tube 12, the strength members 22 become easier to see and to remove. However, greater 
resistance to thermal expansion and contraction, and to longitudinal loads, is provided when more of the strength 
members 22 is embedded within the buffer tube 12. The position of the strength members 22 is therefore a compromise 
between these considerations. 

[0048] Less than 50% of the outer surface of strength members 22 protrudes beyond the nominal outer surface of 
the buffer tube 12. Preferably less than about 20%. and more preferably less than about 10% of the outer surface of 
each of the strength members 22 protrudes outwardly of the nominal outer surface of the buffer tube 12, to provide 
sufficient coupling between the strength members 22 and the buffer tube 12 for the optical fiber cables to withstand 
a broad operating range of temperature variation and high longitudinal tension forces. Preferably, at least about 1% 
of the outer surface of each of the strength members 22 protrudes beyond the nominal periphery of the buffer tube 12 
so that the location of the strength members 22 is readily apparent and the strength members 22 may be readily 
removed. 

[0049] However, as mentioned hereinbefore, the strength members 22 can be positioned with respect to the 
nominal outer surface of the buffer tube 12 such that the radially outermost surface portions of the strength members 
22 are substantially tangent to the nominal outer surface of the buffer tube 12, as well. The tangential strength 
members 22 can still be removed by one's fingers, without the use of tools. As above, the strength members 22 can be 
pressed back into their positions within the buffer tube 12 after the slit buffer tube is sealed. 

[0050] It will be observed from Figs. 1-3 that the radial thickness of the wall of the buffer tube 12 is greater 
than the diameter of the strength members 22. The purpose is to provide the necessary forces P and to prevent 
undesirable tearing of the buffer tube 12 when a strength member 22 is removed or during manufacture or handling. 
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Accordingly, the wall thicknesses and outer diameter of the buffer tube 12 can be greater than that of conventional 
buffer tubes. The .ncrease m waU thickness can be about equal to the diameter of the strength member 22 Since 
larger drameter dielectnc strength members are generally required to achieve the same-tensile strength as steeJ 
strength members buffer tubes including dielectric strength members v^ll generally be thicker than those including 
steel strength members. "iwuunia 

[0051] As mentioned hereinbefore, two diametrically opposed sUength members 22 are preferably provided A 

?fT . ■ P^f"'*'^"'"^ '"'9- ^' ^^"t^f °f 'f-e buffer tube 12 and the longitudinal axis 

of the strength members 22. The strength members 22 provide a preferred direction of bending of the buffer tube 12 
perpendicular to the plane 15. Since it is easier to bend the ribbon stack 14 in a direction transverse to its majo; 

L"ch tLfrhHr 1: ''",t: '"^'"'^ *° °' '"^i^' ^^'^^^ '^'^-'^^ 

such that the preferred direchon of bending defined by the strength members 22 is the same as the easier bending 
directon of the stack 14. Preferabty. when the stack 14 is not twisted, the plane 15 fe appro»mately rlS 
between the upper and lower surfaces ofthe stack 14. "«uway 
10052] If more than two strength members 22 are provided, equal numbers of strength members 22 are preferably 
prov,d«l proximate and symnietncally arranged with respect to a plane extending through the center of the buffer 
tube 12, such as the plane 15, to maintain a preferred directon of bending. If more than two strength members 22 
are provided, each can have a smaller diameter than when only two strength members 22 are pro^dJS So^? 
provKling more than two strength members 22 could increase the number of strength members 22 which need tTS 
removed to gan midspan access and decrease the available space between the strength members 22 for slitting the 
buffer tube 12, unnecessarily compBcaling the midspan access process 

[0053] Two diametrically opposed strength members 22 in accordance with the preferred embodiment of the 
present mventon are believed to be sufficient to withstand longitudinal tension forces of up to at least about 600 

a^d"the buJeTtubeTz' '^'^ "^"^ ^'"^ "^^^ ^'^"^^ "'^""^ 22 

o« "°«^W"8 -"terial 28 is provided within the buffer tube 12. The water blocking 

ITnnn™. vT? nnn ^'^^ °' ^el. preferably with a viscosity at 20 seconds in the range of from abotrt 

8.000 to about 25.000 cps at 125-C in accordance with ASTM Standard D-2699. The material can coS sman 
panicles. preferabV of a see less than about 500 microns, of a known water swellable material, such as sodium 
acrylate. to assst in preventing moisture from affecting the optical fibers. In addition, or in the alternative 
compounds for absorbing gas, such as hydrogen, may also be provided to assist in protecting the optical fibers from 

Ci6l6t6nOUS 

K y^'^^H' "^'""^ ^"^ ^ °' ^ ^2 is provided in the open spaces, if present, between the 
buffer tube 12 and the outer jacket 18 or armor shield strength members 22 and buffer tube 12 or a plurality of 
longrtudinany expending yarns may be provided around the buffer tube 12. Both yam 30 and tape 32 may be used 
concurrently. If desired, as shovwi in Fig. 1. loy u-c usbu 

. ^""^"^"'^ *^P^ comprises two perforate layers which have water swelable particles 

therebetween. An appropnate tape 32 is sold by Lantor, Inc.. Mansfield. Massachusetts, under the trademark FIRET 
[005^ Water blocking material 28 couki also be used to fill the othenwse empty spaces between the strength 
members 22 and armor shield 34 or outer jacket 18. instead of the yam 30 or tape 32. Preferably, the water blocking 
matenal used to fill the ottienvise empty spaces in the cable is a thixotropic grease or gel having a viscosity ^ 
20 seconds in the range of from about 10-500 cps at 125X. in accordance with ASTM Standard D-2699 As above 
small particles of water swellable material and compounds for absorbing gas may also be provided in the water 
blocking compound. Other water blocking materials, including the water blocking material 28 described above could 
be used, as well. ' 

. swellable yarn 30 can also be provided within the buffer tube 12 instead of the water blocking 

matenal 28 However, if the jacket 18 is relied upon for providing part of the force P for resisting longitudinal 
slipping betvreen the strength members 22 and the buffer tube 12, it is preferable that the buffer tube 12 be fined 
with water blocking material 28. Thus, for example, the wall of the jacket 18 normally is applied in a heated state 
and contracts when it cools. If the jacket 18 contacts the buffer tube 12 and the strength members or If any layeis 
between the jacket 18 and the strength members 22 are substantially incompressible or only slightly compressible 
radially inwardly of the tube, the cooled jacket 18 will apply a significant radially inward pressure to the 
strength members 22 and the buffer tube 12. However, if the buffer tube 12 is flexj-ble and compressible as may be 
the case, the force which the jacket 18 appfies to the strength members 22 to press them against the walls of the 
grooves in the buffer tube 12 will be reduced. The water blocking material 28 can be only slightly compressible and 
If used to fill the buffer tube 12, such force which the jacket 18 applies to the strength membere 22 will not be 
significantly reduced. 

[0059] When the preferred method of manufacturing the core, described hereinafter, is used, the desired coupfing 
between the strength members 22 and the buffer tube 12 can be obtained, but if desired, the strength members 22 and 
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the buffer tube 12 can be wrapped by a cord or tape, as described in said U.S. Patent No. 5,509,097, to increase the 
coupling. 

[O06O] Preferably, one or more ripcords 36 extending generally parallel to the longitudinal axis of the cable 10 
are provided adjacent to the inner surface of the outer jacket 18 or the inner surface of the armor shield 34, if 
present, to ease opening of the outer jacket 18, and/or the armor shield 34 when access to the buffer tube 12 is 
required. The npcords 36 may be aramid cords, for example. 

[0061 J As discussed hereinbefore, the wall thicknesses and outer diameters of the buffer tube 12 in the cables 
and cores of the present invention can be greater than that of conventional buffer tubes. Therefore, it may not be 
possible to use conventional slitting tools, which are adapted for use with conventionally sized buffer tubes, to 
achieve midspan access to the optical fibers or optical fiber ribbons. Therefore, it may be desirable to form the 
buffer tube 12 in two separable layers. 

[0062] It is known in the art that when plastics normally used for buffer tubes are used and a second layer is 
hot extruded over a first layer, the second layer will bond to the first layer so that ft is difficult to strip the 
second layer from the first layer. This is particularly true when the plastic for both layers in the same in which 

case a bond, known as a "chemical" bond, is formed between the layers. 

[0063] Fig. 4 is a cross-sectional view of an optical fiber core 38 in accordance with another embodiment of the 
invention, wherein a buffer tube 40 has an inner tubular portion 42, an outer tubular portion 44 and a thin layer or 
coating of a materia) 46 acting as a release agent therebetween. The outer tubular portion 44 has a nominal outer 
surface 45. The parts shown in Fig. 4 which are the same as the parts shown in Fig. 1 have the same reference 
numerals. The strength members 22 can have radially outermost surface portions which protrude beyond the nominal 
outer surface 45, as shovm in Figs. 1 and 4, or can be tangent to the nominal outer periphery 45, or proximate to 
the nominal outer periphery 45. The release material 46 enables easy removal of the outer tubular portion 44 from 
the inner tubular portion 42 when the outer tubular portion is pulled away from the inner tubular portion 42 in a 
direction transverse to their adjacent surfaces, but the release material 46 does not significantly reduce the 
resistance to slipping of the outer tubular portion 44 with respect to the inner tubular portion 42 in the 
longitudinal direction of the core. In other words, the coupling between the outer and Inner tubular portions 44 and 
42 is such that the outer tubular member 44 restrains the inner tubular member 42 with respect to longitudinal 
movement therebetween. 

[0064] Appropriate materials for the layer 46 are MS*143DF liquid or MS-122DF aerosol, available from Milter 
Stephenson Chemical Co., Inc., Menton Grove, Illinois, for example. These materials are dry lubricants containing 
Krytox® DF. (Krytox® is a registered trademark of Dupont). 

[0065] According to the manufacturer's specifications, these materials have the follovyring properties: 



PTFE 


Molecular Weight 


3300 


Density (grams/cc) 


2.2 


Particle Size (microns) 




mean 


6 


range 


1to20 


Melting Point 


58rF (305'C) 


DISPERSION FLUID SOLVENT 


HCFC 141b 


Composition 


CH3CCI2F 


Boiling Point 


89.6^ (32*C) 


Density (grams/cc) 


1.23@25'C 


Vapor Pressure 


10psia@20"C 


Flashpoint 


none 


Toxicity 


500 ppm approx. 




(8-hour TWA) 


Ozone Depletion 


0.11* 


Potential 





* HCFC 141b is a Class It ozone depleting substance. 
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outer portton 44 is JrudS over "e elefe m^er^eTri ' ^ '^^"'^'^ 

tubular portion 44 contracts as r( cooL X k ^ "manufacture. The outer 
v^th respect to lonZ^lT ZLITJZ o ea:h\?eTr TJl\T'u 

this embodiment of the invention can ore XpH . .°^'?f' '^"''^ ^8 In accordance with 

optical fiber cable discusseS reSpecJto F^f ^ ^"^ °' '^""'P""^"^ *e 

Sers ^^z:xz b:rjbr;2T"rrbt iirrr ^"^^ •-^ ^» -^'^ 

diameters of the strength members £ and then Jhl i^n^ k ^ '^'^ 

^nce the diameter of elh stren^h -embe S^^^^^^ 
[0068] In the Dreferred mothnH «f JTJ , . ' ® 

invenion. the longituS^^^^^^ ^""-.^^ -ordance with tSe present 

extrusion of the buffer tube mate^ ThVrSo^^ buffer fu^^^^^ . °^ '"'^"^ '"^ during the 

contracts, exposing less than halfofSe outer „f 1. ^'^^ « 

thin film 20 of h.,L f.Kr ? ■ °^ ^^®"9th members as exposed, as shown in Fia 1 A 

vTua?:bsen:tor^srstrrrm^^^^^^ '"^^fr - 2 ^'"^ 

strength member to the buffeS ' ^""""^^ """^ ^ ^^^a ""PKnO the 

Cenaboi;t2oT250X%ti:d^^^^^^^^^ 12 for e^am^e. extru^on typical, taRes ,ace at 

|s .^wn in .e a. .er cooling. ^^1^^.^rf.:7Z^-^^^^^^ 

Se°'buffer XuL'tVirH'T^ ^"""^ '"''""^'^ "'^'^ ^^P^* '° -"^ace of the plastic of 

50 i°K^^^, ^. *" contraction of the buffer tube material 47 around the strength members 22 th« h.,i»-r 

InvJnL Jr r« "^rt^^ T'^'"*' '"anufactunng the reinforced buffer tubes 12 in accordance with the present 
TbSer JbeTrJI^r^H '"J^- ^'^^^ P-«<= - tubula^orton 4^2 

uDUHf portion 44 of the buffer tube 40. which, in one embodiment, is the same plastic which is used for the inner 
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tubular portion 42, is extruded over the inner tubular portion while applying the strength member 20 through a die which 
positions the outermost surface portions of the strength members 22 tangent or nearly tangent to the nominal outer 
surface of the outer tubular portion 44. As in the method described hereinbefore, as the extruded tube is cooled it 
contracts. The radially outermost surface portions of the strength members 22 thereby become substantially tangent 

5 to or protrude beyond the nominal outer periphery of the outer tubular portion 44, and the outer tubular portion 
becomes tightly coupled to the inner tubular portion. If the inner and outer tubular portions of the buffer tube are 
of the same material, they will bond to each other, forming essentially an integral buffer tube 40. The two step 
extrusion process is preferred If the buffer tube is to be filled with a water blocking compound of grease or gel. 
[0076] The inner and outer tubular portions 42 and 44 can be of different materials, as well. For example, the 

10 inner portion can be HDPE and the outer portion can be MDPE. Since MOPE is softer than HOPE, penetration of the 
buffer tube for midspan access may be easier For flame retardance, the outer layer can be PVC. A low-smoke, halogen 
free outer layer, such as ethylene vinyl acetate with a magnesium or aluminum hydroxide filler may be used where tow 
toxic emissions and flame retardance are desired. 

I0077J In one embodiment of the buffer tube 40 in accordance with the present invention, made by the two step 

IS process of the invention described above, the inner tubular portion of HDPE has a wall thickness of about 0.8 mm and 
an inner diameter of about 6.8 mm. The outer tubular portion, also of HDPE, has a wall thickness {after cooling) of 
about 1.6 mm. The diameter of the strength members, which in this example are of steel, ts also about 1.6 mm. The 
outer diameter of such a buffer tube 12 is about 11. 6 mm. 

[0078] Preferably, In the manufacture of the reinforced buffer tube 40 in the embodiment of Rg. 4, the release 
20 material 46 described hereinbefore is applied over the inner tubular portion 42 of the buffer tube 40 after Its 
extrusion. The surface of the inner tubular portion 42 can be wiped v\nth a sponge containing the release material 46. 
for example. Alternatively, the release material 46 can be sprayed on. Preferably, the layer of release material 46 
ts between about 1-50 microns, 1-10 microns being most preferred. The outer tubular portion 44 is extruded and the 
strength members 22 are applied over the layer of release material, as described hereinbefore. As described above, 
25 when the outer tubular portion 44 coots it contracts. The outer tubular portion 44 thereby becomes tightly coupled 
to the inner tubular portion 42 v^h respect to longitudinal movement therebetween. Radially outermost surface 
portions of the strength members 22 also become positioned substantially tangent to the nominal outer surfece of the 
outer tubular position or protrude beyond the nominal outer surface such that less than half of the outer surface of 
the strength members are exposed. However, the outer tubular portion 44 can be easily stripped from the inner 
^0 tubular portion 42. 

(0079] Preferred embodiments of the present invention have been described and illustrated. It will be apparent 
to those skilled in the art that various modifications may be made without departing from the present invention, 
which is defined in the claims, hereinafter. 

35 Claims 

1. An optical fiber cable core comprising: 

a buffer tube loosely containing at least one optical fiber, said buffer tube having a longitudinal axis, a 
nominal outer periphery and a wall defining a bore ;and 

40 

at least two substantially radially incompressible, longitudinally extending strength rnembers, each having 
an outer surface and a cross-sectional dimension radially of said axis less than the radial thickness of 
said wall, said strength members being spaced apart circumferentially of said axis and at least partially 
embedded in said buffer tube portions of the surfaces of said strength members which are radiaOy 
45 outermost with respect to said axis being spaced from said axis substantially at least as far from said axis 

as said nominal periphery and buffer tube material engaging said strength members and applying coupBng 
forces to said strength members directed radially inwardly of said strength members. 



50 2. The optical fiber cable core of claim 1, wherein said at least one optical fiber is contained in said bore and 
said at least one optical fiber is completely encircled by the wall of said bore. 

3. The optical fiber cable core of claim 1, wherein said at least one optical fiber is contained in said bore, 
wherein said radially outermost surface portions of said strength members protrude beyond the nominal outer 
55 periphery of said buffer tube, and wherein a film of buffer tube material which has a thickness which Is small 

relative to the thickness of the buffer tube wall covers said radially outermost surface portions of said 
strength members. 
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4. The optical fiber cable core of claim 1, wherein said radially outermost surface portions of said strength 
members protrude beyond said nominal outer periphery of said buffer tube and have a circumferential length less 
than about 20% of the outer surface of said strength members. 

5 5. The optical fiber cable core of claim 4, wherein said radially outermost surface portions of each of said 
strength members is less than about 10% of said outer surface of each of said strength members. 

6. The optical fiber cable core of claim 1, wherein said radially outermost surface portions are substantjally 
tangent to said nominal outer periphery. 

10 

7. The optical fiber cable core of claim 6, wherein said at least one optical fiber is contained in said bore and 
further comprising a film of buffer tube material having a thickness which is small relative to the thickness of 
the buffer tube wall which covers said radially outermost surface portions of each of said strength members. 

15 8. The optical fiber cable core of claim 1 , further comprising a water blocking material vwthin the buffer tube. 

9. The optical fiber cable core of claim 8 wherein said blocking material is substantially incompressible and Ws 
any spaces within the buffer tube not occupied by the at least one optical fiber. 

20 10. The optical fiber cable core of claim 1. vi^er^n said buffer tube contains a stack of optical liber ribbons, 
each ribbon comprising a plurality of optical fibers. 

11, The optical fiber cable core of claim 10, wherein there are only two strength members and said strength members 
are diametrically opposed. 

25 

12. The optical fiber cable core of claim 1, wherein said buffer tube is formed from a plastic material and said 
strength members are made of a material having a tensile modulus greater than and a temperature coefficient of 
expansion less than, respectively, the tensile modulus and temperature coefficient of expansksn of said buffer tube. 

30 13. The optical fiber cable core of claim 12, wherein said strength members are metal strength members. 

14. The optical fiber cable core of claim 1 2, wherein said strength members are non-metallic. 

15. The optical fiber cable core of claim 1, wherein said buffer tube comprises an Inner layer and an outer layer 
35 in which said strength members are embedded, said outer layer being tightly coupled to said inner layer. 

18. The optical fiber cable core of claim 15, further comprising a release agent between said inner layer and said 
outer layer to facilitate separation of said outer layer from sakl inner layer. 

40 17, The optical fiber cable core of claim 16, v/herein said inner layer and said outer layer are of the same materials. 

18. The optical fiber cable core of claim 1 5, wherein said inner layer and said outer layer are of different materials. 

19. An optical fiber cable core comprising; 

45 

a buffer tube having a tubular wall defining a longitudinally extending bore loosely containing at least one 
optical fiber, the bore and said at least one optical fiber being completely encircled by saki wall of said 
buffer tube, said buffer tube having a longitudinal axis and a nominal outer periphery; and 

at least two substantially radially Incompressible longitudinal strength members extending substantially 
parallel to the longitudinal axis of said buffer tube and having a cross-sectional dimension radially of 
said axis less than the thickness of said wall, said strength members being substantially embedded in said 
buffer tube such that radially outermost surface portions of each of said strength members, defined with 
respect to said buffer tut>e axis, are substantially tangent to the nominal outer periphery of said buffer 
^ tube and the buffer tube material at least partially surrounds and engages said strength members and appHes 

radially inward forces to said strength members, thereby coupling said strength members to said buffer tube 
so as to substantially prevent slippage of the strength members with respect to said buffer tube under normal 
operating conditions . 
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20. An optical fiber cable core comprising: 

a buffer tube loosely containing at least one optical fiber, said buffer tube havirtg a longitudinal axis and 
a nominal outer periphery and a wall defining a bore; and 

at least two substantially radially incompressible, longitudinal strength members each extending 
substantially parallel to the longitudinal axis of the buffer tube and having aq cross-sectional dimension 
radially of said axis less than the thickness of said wall, said strength members being partially embedded 
in said buffer tube so that buffer tube material partially surrounds and engages said strength members and 
couples said strength members to said buffer tube so that less than half the outermost surface portions of 
each of said strength members, protrude beyond the nominal outer periphery of said buffer tube. 



21. The optical fiber cable core of claim 20, wherein lip portions of said buffer tube extend over and engage said 
strength members. 

22. An optical fiber cable comprising: 

a buffer tube loosely containing at least one optical fiber, said buffer tube having a longitudinal axis, a 
nominal outer periphery and a wall defining a bore, 

at least two substantially radially incompressible longitudinal strength members each extending 
substantially parallel to the longitudinal axis of the buffer tube and having a cross-sectional dimension 
radially of said axis less than the thickness of said wail, each said strength members being embedded in 
said buffer tube, with buffer tube material at least partially surrounding and engaging said strength 
members, and applying radially inward pressure to said strength members for coupling said strength members 
to said buffer tube, wherein radially outermost portions of said strength members with respect to said axis 
are spaced from said axis at least as far from said axis as said nominal periphery but less than of the 
outer surface of each of said strength members protrudes beyond said nominal outer periphery of said buffer 
tube; and 

an outer jacket encircling said buffer Xube and said strength members. 



23. The optical fiber cable of claim 22, further comprising an armor shield encircling said buffer tube and said 
strength members, said armor shield being between said outer jacket and said strength members. 

24. The optical fiber cable of claim 23, further comprising a rip cord between said buffer tut>e and said armor 
shield for severing armor shiekl said outer jacket longitudinally thereof with pulling of said rip cord 
transversely to the axis of said cable. 

25. The optical fiber cable of claim 23. wherein said armor shield is corrugated. 

26. The optical fiber cable of claim 22. further comprising a water blocking material within said buffer tube. 

27. The optical fiber cable of claim 26, wherein sakJ water blocking material is substantially incompressible and 
fills any spaces within the buffer tube not occupied by the at least one optical fiber. 

28. The optical fiber cable of claim 26, further comprising a water swellabJe tape extending longitudinally of said 
cable and encircling said buffer tube. 

29. The optical fiber cable of claim 26, further comprising a water swellable yarn between said buffer tube and 
said outer jacket 

30. The optical fiber cable of claim 22, wherein said buffer tube contains a stack of optical fiber ribbons, each 
ribbon comprising a plurality of optical fibers. 
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31. The optical fiber cable of claim 22, wherein said outer surface of each of said strength members includes a 
radially outermost surface porton, defined with respect to the longitudinal axis of said buffer tube, which 
protrudes beyond said nominal outer periphery of said buffer tube, said radially outermost portion having a 

5 circumferential length less than about 20% of said outer surface of each of said strength members. 

32. The optical fiber cable of claim 22, wherein said radially outermost surface portion of each of said strength 

members is substantially tangent to said nominal outer periphery. 

10 33. The optical fiber cable of claim 22, wherein said buffer tube comprises an inner layer and an outer layer and 
said strength members are embedded in said outer layer. 

34. The optical fiber cable of claim 33, wherein said inner layer and said outer layer are of different materials. 

15 35. The optical fiber cable of claim 33, further comprising a release agent between the inner and the outer layer 
to facilitate separation of said outer layer from said inner layer. 

36. The optical fiber cable of claim 22, wherein said at least one optical fiber is loosely contained in said bore 
and is completely encircled by said wall of said buffer tube. 

20 

37. The optical fiber cable of claim 22. wherein said strength members are metal strength members. 

38. The optical fiber cable of daim 22 wherein said strength members are non-metaffic . 

25 39. A method of manufacturing a reinforced buffer tube for an optical fiber cable core comprising: 

longitudinally extruding a buffer tube of plastic material heated to a temperature above room temperature, 
the extruded buffer tube materia! having a nominal outer periphery, a waB thickness and a longitudinal axis, 
onto at least two substantially radially incompressible strength members spaced v^h respect to each other in 
30 the circumferential direction of the buffer tube and longitudinally advanced with the buffer tube, said 

strength members having a cross-sectional dimension radially of said longitudinal axis which is less than 
the thickness of said wall and having a coefficient of contraction less than the coefficient of contraction 
of said plastic material; 

35 posit'oning said strength members with respect to said nominal outer periphery of said extruded buffer tube 

material so that porlions of the outer surface of each of said strength members are at least substantially 
as far from said longitudinal axis as said nominal periphery, but so that the peripheral length of said 
portions is less than 50% of the peripheral lengths of the outer surfaces of the strength members; and; 

^ cooling the plastic material to cause the plastic material to contract and thereby cause the plastic 

material to apply radially inward forces to said strength members and couple said strength members to said 
buffer tube. 



40. The method of claim 39, comprising positioning said strength memt>ers such that said surface portions of said 
strength members is proximate said nominal outer periphery of said buffer tut>e. 

41. The method of claim 39, comprising positioning said strength members such that said surface portions of said 
strength members is substantially tangent to said nominal outer periphery of said buffer tube. 

42. The method of claim 39, further comprising positioning said strength members such that said surface portions of 
said strength members protrudes beyond said nominal outer periphery of said buffer tube, 

43. The method of claim 42, comprising positioning said strength members with respect to said nominal outer 
periphery of said extruded buffer tube such that less than 20% of the outer surface of each off said strength 
members protrudes beyond said nominal outer periphery of said buffer tut>e. 

44. The method of claim 37, further comprising extruding said buffer tube material over a stabHized inner tube of 
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plastic material so that during said cooling step, said buffer tube material contracts onto said inner tube and 
becomes tightly coupled to said inner tube. 



45. The method of claim 44, further comprising applying a release agent to the outer surface of said inner tube 
5 prior to extruding said buffer tube material over said inner tube. 

46. The method of claim 44, wherein said plastic material of said buffer tube is different from the plastic 
material of said inner tube. 

10 47. An optical fiber cable core comprising a tube containing at least one optical fiber and reinforced by at least 
two longitudinally extending strength members radially coupled to the tube by being at least partially embedded 
therein with radially outer surface portions substantially at or protruding from the exterior surface of the tube. 
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